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a-Amylase produced by Bacillus licheniformis CUMC305 was purified 212-fold
with a 42% yield through a series of four steps. The purified enzyme was
homogeneous as shown by sodium dodecyl sulfate-polyacrylamide gel electropho-
resis and discontinuous gel electrophoresis. The purified enzyme showed maximal
activity at 90°C and pH 9.0, and 91% of this activity remained at 100°C. The
enzyme retained 91, 79, and 71% maximal activity after 3 h of treatment at 60°C, 3
h at 70°C, and 90 min at 80°C, respectively, in the absence of substrate. On the
contrary, in the presence of substrate (soluble starch), the a-amylase enzyme was
fully stable after a 4-h incubation at 100°C. The enzyme showed 100% stability in
the pH range 7 to 9; 95% stability at pH 10; and 84, 74, 68, and 50% stability at pH
values of 6, 5, 4, and 3, respectively, after 18 h of treatment. The activation energy
for this enzyme was calculated as 5.1 X 10° J/mol. The molecular weight was
estimated to be 28,000 by sodium dodecyl sulfate-gel electrophoresis. The relative
rates of hydrolysis of soluble starch, amylose, amylopectin, and glycogen were
1.27, 1.8, 1.94, and 2.28 mg/ml, respectively. V. values for hydrolysis of these
substrates were calculated as 0.738, 1.08, 0.8, and 0.5 mg of maltose/ml per min,
respectively. Of the cations, Na*, Ca?*, and Mg?*, showed stimulatory effect,
whereas Hg?*, Cu?*, Ni**, Zn?*, Ag*, Fe?*, Co**, Cd?*, AP*, and Mn** were
inhibitory. Of the anions, azide, F~, SO;7, SO4~, $,0527, M0oO,4*~, and Wog?~
showed an excitant effect. p-Chloromercuribenzoic acid and sodium iodoacetate
were inhibitory, whereas cysteine, reduced glutathione, thiourea, B-mercaptoeth-
anol, and sodium glycerophosphate afforded protection to enzyme activity. a-
Amylase was fairly resistant to EDTA treatment at 30°C, but heating at 90°C in
presence of EDTA resulted in the complete loss of enzyme activity, which could
be recovered partially by the addition of Cu** and Fe?* but not by the addition of

Ca?* or any other divalent ions.

The occurrence of microbial amylases with
varied catalytic properties has recently been
extensively reviewed (11). The majority of ther-
mostable a-amylases from Bacillus spp. hereto-
fore purified, have shown maximal activity in
the acidic to neutral pH range (2, 4, 8, 20, 21, 31,
32; A. M. Joyce, Ph.D. thesis, National Univer-
sity of Ireland, Dublin, 1977). Purified a-amylases
of Bacillus spp. which are active under alkaline
conditions have been found to be unstable at
temperatures above 50°C (3, 13) or 60°C (19). A
thermostable alkaline a-amylase from Bacillus
licheniformis has been purified (23) which has
maximal activity at 76°C. a-Amylase from B.
licheniformis CUMC305, a new strain reported
earlier from this laboratory (18), was purified to
homogeneity, and the enzyme showed maximal
activity at 90°C and pH 9, as reported for B.
licheniformis NCIB6346 (19). However, 91% of
the maximal a-amylase activity was observed
even at 100°C in the case of B. licheniformis

CUMC305, unlike the sharp fall of enzyme ac-
tivity reported for B. licheniformis NCIB6346
(19). In the absence of substrate, this enzyme
was highly stable even at 80°C and pH 10,
whereas the purified a-amylases of B. lichenifor-
mis 584 (23) or B. licheniformis NCIB6346 (19)
were very unstable at temperatures beyond 60°C
and at pH values below 7 or above 9. The a-
amylase of B. licheniformis CUMC305 was re-
markably stable at 100°C in the presence of
soluble starch. The enzyme reported here
showed several other interesting characteristics
previously unreported from other thermophilic
strains of B. licheniformis. Because of the im-
mense potential of this enzyme for industrial
applications, a preliminary study had been un-
dertaken (5). The current report deals with the
purification and catalytic and molecular proper-
ties of the thermostable B. licheniformis
CUMC305 a-amylase, including the effects of
cations and anions on enzyme activity. This
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FIG. 1. Elution pattern of carboxymethylcellulose column chromatograph of the B. licheniformis CUMC305

a-amylase. Symbols: @, dextrinizing activity; O, protein; ---, NaCl.

study was planned to enable the adoption of this
enzyme in suitable industries, in which thermo-
stable a-amylases are used in large quantities
10, 24).

MATERIALS AND METHODS

Organism. The B. licheniformis CUMC305 isolate
described previously (18) was used in this study.

Medium composition and culture conditions. The
growth medium used for a-amylase production was
composed of: 0.2% soluble starch, 0.2% (NH,),HPO,,
0.05% Na,CO,;, 0.05% MgSO,-7H,0, 0.005%
MnCl, - 4H,0, 0.02% K,SO,, 0.4% cornsteep liquor,
0.2% beef extract, and 0.5% peptone in distilled water.
This medium was supplemented with 0.5% defatted
groundnut meal for improved a-amylase production
(14). The medium was adjusted to pH 6.7 and auto-
claved at 15 Ibs/in? pressure for 20 min. Roux bottles
(1,000 ml) containing 150 ml of medium were inoculat-
ed with a 14-h washed culture (1.68 x 10° cells).
Cultures were incubated at 48°C for 24 h under station-
ary-phase conditions for optimum enzyme production.

Assay of a-amylase. The dextrinizing activity was
measured by the method of Smith and Roe (26). One
dextrinizing unit was equivalent to the amount of
enzyme which hydrolyzed 1 mg of soluble starch in §
min. Saccharolytic activity was measured as an in-

crease in reducing power by using the method of
Sumner, as modified by Bernfeld (1); 1 U of a-amylase
activity was equivalent to the amount of enzyme
which released 1 mg of reducing sugar as maltose in 5
min. The reaction mixture for a standard assay was 0.5
ml of 1% soluble starch, 0.4 ml of buffer (0.05 M
glycine-sodium hydroxide) and 0.1 ml of enzyme. In
the control assay, enzyme was replaced by 0.1 ml of
distilled water. After incubation for 5 min at 90°C, the
reaction was stopped with 0.5 ml of 1 N HCI to
determine the dextrinizing activity. Next, 0.1 ml of the
reaction mixture was added to 14.3 ml of distilled
water, 0.5 ml of 1 N HCl, and 0.1 ml of 0.3% 1,-3% KI
solution, and readings were then taken in a Klett-
Summerson colorimeter fitted with red filter (no. 66).
For measurement of the saccharolytic activity, the
reaction mixture was as described above, but in the
control assay, the enzyme (0.1 ml) was added after
addition of 1 ml of 1% dinitrosalicylic acid reagent
prepared as described previously (14) and normally
used to stop the reaction. A blank was prepared with 1
ml of distilled water and 1 ml of 1% dinitrosalicylic
acid reagent. The contents of all assay tubes were
diluted with 10 ml of distilled water, and readings were
taken in the Klett-Summerson colorimeter fitted with a
green filter (no. 54).

Amylase purification. The culture broth was centri-
fuged at 10,000 rpm for 15 min at room temperature

TABLE 1. Purification and overall recovery of B. licheniformis CUMC305 a-amylase

- Total . .
3 . Vi Total dextrinizin " a % Purification
Purification step (n:)I; a-amylase unitsg pl('z:;;n Sp act Yield (fold)
Original broth 950 17,378 4,168 417 100 1
Condensed broth 290 13,330 2,666 ) 76.7 1.2
30 to 65% ammonium sulfate precipitation 20 8,960 320 28 51.6 6.7
Dialysis 20 8,750 250 35 50.35 8.4
Carboxymethylcellulose column 700 7,300 8.27 882.7 42.0 211.67
chromatography

@ Dextrinizing units of a-amylase per milligram of protein.
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FIG. 2. Polyacrylamide gel electrophoresis of a-
amylase of B. licheniformis CUMC305.

(30°C), and the clear supernatant was pooled together.
The supernatant was then condensed in a rotary
evaporator under vacuum at 10°C to reduce the total
volume and to concentrate the enzyme protein. The
condensed broth was then placed for 30 min in a water
bath maintained at 80°C to precipitate out some unde-
sired proteins. The precipitate was discarded after
centrifugation. The supernatant with enzyme was
chilled, and solid ammonium sulfate was added with
gentle stirring to 30% saturation; after centrifugation,
the precipitate was discarded. More ammonium sul-
fate was added to the supernatant to 65% saturation.
The precipitate was collected and dissolved in 0.01 M
sodium phosphate buffer (pH 6.4) and dialyzed over-
night against the same buffer. After dialysis, the en-
zyme solution was applied to a column of carboxy-
methylcellulose (53 by 3 cm; bed volume, 50 ml) which
had been equilibrated with 400 ml of 0.01 M sodium
phosphate buffer (pH 6.4). The column was next
rinsed with 200 ml of the same buffer (pH 6.4) to wash
out the unadsorbed material. Subsequently, the en-
zyme was eluted with 200-ml volumes of the same
buffer containing a linear gradient of NaCl (between
0.1 and 0.8 M NaCl) at a flow rate of 40 ml/h. Fractions
(10 ml) were collected, and the enzyme was eluted
between 0.3 and 0.5 M NaCl. Active fractions were
pooled (700 ml), condensed to about 120 ml, and
dialyzed overnight against distilled water.

Estimation of protein. Protein was estimated accord-
ing to the method of Lowry et al. (16), with crystalline
bovine serum albumin (Sigma Chemical Co.) as the
standard.

Determination of molecular weight. The sodium do-
decyl sulfate-polyacrylamide gel method of Weber and
Osborn (30) was used. Gels (7.5%) were prepared in
tubes (8 by 0.5 cm). Protein samples were prepared by
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method 1 in the presence of sodium dodecyl sulfate at
100°C for 3 min. Electrophoresis was performed with
the positive electrode in the lower chamber. A 1-mA
current was applied per tube, until the tracking dye
entered the sample gel (1 h); the current was then
raised to 3 mA per tube for the remainder of the run.
Gels were stained with Coomassie brilliant blue R250
(Bio-Rad Laboratories) and destained by diffusion.
Proteins of approximately known molecular weights
(bovine serum albumin [66,000], egg albumin [45,000],
pepsin [34,700], trypsinogen [phenylmethylsulfonyl
fluoride-treated; 24,000], B-lactoglobulin [18,400], and
lysozyme [14,300]) from Sigma Chemical Co. served
as reference markers.

Disc electrophoresis. Polyacrylamide gels prepared
by the method of Davis (7) were used in discontinuous
gel electrophoresis apparatus. Standard 7% gels were
prepared in tubes (8 by 0.5 cm) and run at pH 8.3 in
Tris-glycine buffer. Samples (0.05 ml) containing about
200 pg of protein were mixed with the sample gel
solution and applied onto the stacking gel. A 1-mA
current was applied to each tube until the tracking dye
entered the separating gel; the current was then raised
to 3 mA per tube for the remainder of the run (ca. 1.5
h). Gels were stained with amido black (0.5%) for 4 h
and destained by diffusion with 7% acetic acid. Dupli-
cate unstained gels were sliced into sections corre-
sponding to the electrophoretic pattern of stained gels,
macerated in tubes containing 2 ml of 0.05 M glycine-
sodium hydroxide buffer (pH 9), stored overnight at
10°C, and assayed for a-amylase activity. Entire un-
stained gel columns were separately placed for 3 min
on 1% soluble starch-agar petri dishes which were

FIG. 3. Starch hydrolysis pattern of polyacryl-
amide gel with purified enzyme. The white zone
represents area of enzymatically hydrolyzed starch
against the dark background of the starch-iodide com-
plex.
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FIG. 4. Effect of different buffers and pH values on
B. licheniformis CUMC305 a-amylase dextrinizing ac-
tivity. Reaction mixtures containing 0.5 ml of soluble
starch, 1% (wt/vol) of a 0.1-ml enzyme solution, and
0.4 ml of one of the buffers each (A to H) were assayed
at 90°C for 5 min. The relative activity was calculated
as a percentage of the maximal dextrinizing activity
observed with 0.05 M glycine-sodium hydroxide buffer
(pH 9.0) taken as 100%. Buffers: A, sodium citrate-
citric acid (0.05 M); B, citric acid-disodium phosphate
(0.15 M); C, acetic acid-sodium acetate (0.1 M); D,
succinic acid-sodium hydroxide (0.1 M); E, sodium
dihydrogen phosphate-disodium hydrogen phosphate
(0.1 M); F, glycine-sodium hydroxide (0.05 M); G,
Tris-hydrochloride (0.1 M); and H, sodium carbonate-
sodium bicarbonate (0.1 M).

being incubated at 90°C in a hot-air oven for 5 min.
Subsequently, after the gels were removed, each petri
dish was cooled and flooded with iodine solution (0.3%
1,3% KI). A transparent band was visible against the
dark-blue background of the starch-iodide complex,
indicating that the starch had been hydrolyzed by the
enzyme in that portion of the gel.

RESULTS

Purification of a-amylase. Heating of the con-
densed enzyme extract at 80°C for 30 min dena-
tured and precipitated heat-labile interfering
proteins; the total dextrinizing activity of «-
amylase in the supernatant remained un-
changed. Subsequent fractionation with ammo-
nium sulfate resulted in a high yield (51.6% of
original activity) of a-amylase with increased
specific activity. The majority of enzyme activi-
ty was found in the 30 to 65% fraction. After
dialysis, this fraction was chromatographed on a
carboxymethylcellulose column (Fig. 1). The
enzyme was eluted at between 0.3 and 0.5 M
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NaCl in 70 10-ml fractions. The results of the
overall purification procedure are presented in
Table 1. The a-amylase of B. licheniformis
CUMC305 was purified ca. 212-fold, with an
overall yield of 42%. The active fractions were
pooled together and concentrated for further
studies. Discontinuous electrophoresis of the
sample of concentrate from the carboxymethyl-
cellulose column, on 7% polyacrylamide gels,
showed a single protein band after staining with
0.5% amido black (Fig. 2). An unstained gel,
incubated on a 1% soluble starch-agar petri dish,
also showed a single band of hydrolyzed starch
corresponding to the band pattern on the stained
gel (Fig. 3).

Properties of the enzyme. (i) Effect of tempera-
ture on enzyme activity and stability. The effect
of temperature on a-amylase, with respect to
enzyme dextrinizing activity at pH 9, showed
90°C as the optimum temperature. The enzyme
showed 50% of the maximum activity at 55°C
and 91% at 100°C. The effects of temperature on
initial substrate hydrolysis velocities were stud-
ied over the range of 10 to 90°C in 10-degree
increments. By a conventional Arrhenius plot of
the date, the activation energy was calculated to
be ca. 5.1 x 10° J/mol. a-Amylase was 100%
stable for 3 h at temperatures below 50°C. At 60
and 70°C stability declined after 1 h to 91% and
79%, respectively, after 3 h. At 80°C, the enzyme
was fully stable for 45 min; at 90°C, the dextrin-
izing activity was rapidly lost in the absence of
substrate. However, when soluble starch was
provided, B. licheniformis CUMC305 a-amylase
was not inactivated even after a 4-h incubation
at 100°C. The relative activity after a 1-h incuba-
tion was recorded as 136% of the normal activity
(assayed after 5 min) and ca. 191% after a 4-h
incubation at 100°C and pH 9.

(ii) Effect of pH on enzyme activity and stabil-
ity. The effect of different buffers and pH on
dextrinizing activity of a-amylase is shown in
Fig. 4. The enzyme was active over the entire
range from pH 3 to pH 10, with maximal activity
at pH 9, by using 0.05 M glycine-sodium hydrox-
ide buffer. Variation of the buffers exerted
marked effects on enzyme activity at different
pH values. Tris-hydrochloride and carbonate-
bicarbonate buffers lowered enzyme activity.

Enzyme activity was found to be stable in the
neutral to alkaline pH range (pH 7 to 9) after an
18-h treatment at 30°C. It was also interesting
that 50% of the a-amylase activity was retained
at pH 3, 66% was retained at pH 4, 75% was
retained at pH 5, and 85% was retained at pH 6
after 18 h. A sharp decline in activity at pH
values of 3, 4, and 5 was noticed within 15 min,
but then the activity remained the same for at
least 2 h. Further deterioration occurred when
samples were incubated overnight.
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FIG. 5. Time course of reducing-sugar liberation from different substrates (1% [wt/vol]) by a-amylase of B.
licheniformis CUMC305, under routine assay conditions of 90°C and pH 9.0. Symbols: @, soluble starch; A,

amylose; A, amylopectin; and O, glycogen.

Estimation of molecular weight. The electro-
phoretic mobility profiles of known-molecular-
weight proteins were compared with that of the
purified «-amylase of B. licheniformis
CUMC305 in sodium dodecyl sulfate-gel electro-
phoresis, and the molecular weight of a-amylase
was calculated to be 28,000 at pH 7.

Substrate specificity. The substrate specificity
of purified a-amylase from B. licheniformis
CUMC305 is shown in Fig. 5. From 1% concen-
trations of the different substrates, release of
reducing sugar (as maltose) was very rapid from
amylose (129%) but was slower from soluble
starch (100%), amylopectin (101.4%), and glyco-
gen (58.3%).

The values for X, and V,,,, were determined
from the Lineweaver-Burk plot; V.. values for
hydrolysis of soluble starch, amylose, amylo-
pectin, and glycogen were calculated as 0.738,
1.08, 0.8, and 0.5 mg maltose per ml per min,
respectively. K, values for soluble starch, amy-
lose, amylopectin, and glycogen were calculated
as 1.274, 1.818, 1.94, and 2.28 mg/ml, respec-
tively.

Effects of cations, anions, and other reagents on
a-amylase activity. The dextrinizing activity was
accelerated in the presence of selected cations
and nonmetallic reagents (Table 2). Sulphydryl
reacting reagent, e.g., p-chloromercuribenzoic
acid was strongly inhibitory, whereas glutathi-
one (reduced), thiourea, and B-mercaptoethanol
protected enzyme activity. The capability of
cysteine to promote activity and partially re-
verse the inhibition by HgCl, was also observed.
The metal ions-EDTA treatment at low tempera-
tures (=30°C) effected small losses of enzyme
activity (Table 2). However, it was seen that at
90°C, the enzyme was completely inhibited by

EDTA treatment. The metal ions Cu®* and Fe?*
could partially revive enzyme activity, but no
other cation showed any stimulatory effect. The
effect of anions on the dextrinizing activity of a-
amylase is shown in Table 3. The enzyme also
retained activity in the presence of iodoacetate
at a low concentration of 10 mM but was inhibit-
ed by higher concentrations around 100 mM.
However, PO,>~ was stimulatory at high con-
centrations (ca. 100 mM), whereas molybdate
was beneficiary from low to high concentra-
tions, i.e., between 10 and 100 mM. There was
no change in a-amylase activity with the pres-
ence of either citrate or arsenite anions.

DISCUSSION

Upon purification, The a-amylase of B. li-
cheniformis CUMC305 showed a single protein
band, in contrast to the four active protein bands
of a-amylase purified from B. licheniformis 584
(23).

The alkaline a-amylases of Bacillus spp. (3,
13) were not thermostable, whereas a-amylases
from B. licheniformis 584 and B. licheniformis
NCIB6346 (19) showed optimal activity at 76
and 92°C, respectively, retaining substantial ac-
tivity in the alkaline pH range, but were unstable
beyond 60°C. On the other hand, highly thermo-
stable B-amylases were found to be inactive
under alkaline conditions (17, 20, 21, 31). B.
licheniformis CUMC305 a-amylase proved to be
highly thermostable, showing optimal dextriniz-
ing activity at 90°C and 91% of optimal activity
at 100°C, which clearly showed that the enzyme
was different from the enzyme reported from B.
licheniformis NCIB6346 (19) B. licheniformis
CUMC30S5 a-amylase has a very broad pH activ-
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TABLE 2. Effect of cations and nonmetallic
reagents on dextrinizing activity of B. licheniformis
CUMC305 a-amylase®

Residual activity (%)
at indicated test

Treatment reagent concn (mM)
0 0.5 4
NaCl 100 121 119
Na* + EDTA — 59 —
CaCl, 100 119 117
Ca?>* + EDTA — 57 —_
MgCl, - 6H,0 100 114 112
Mg?* + EDTA — 72 —_
AlCl; 100 117 —
AP* + EDTA —_ 78 —
MnCl, - 4H,0 100 102 37
Mn?** + EDTA —_ 63 —
3CdSO, - 8H,0 100 80 4
Cd** + EDTA — 117 —_
CoCl, 100 102 13
Co** + EDTA — 76 —
FeCl, 100 93 10
Fe** + EDTA — 63 —
AgCl 100 47 —_
Ag* + EDTA — 53 —
ZnSO, - TH,0 100 84 —
Zn** + EDTA — 59 —_
NiSO, - 6H,0 100 63 —
Ni?* + EDTA — 47 —
CUSO4 * 5H20 100 58 _—
Cu®** + EDTA — 55 —
HgCl, 100 — —
Hg** + EDTA — 63 —
p-Chloromercuribenzoic 100 — —
acid

2 Reaction mixtures contained 0.1 ml of enzyme
solution, 0.1 ml of test reagent, 0.3 ml of 0.05 M
glycine-sodium hydroxide (pH 9.0), and 0.5 ml of
soluble starch (1% [wt/vol]); the assay was conducted
at pH 9.0 and 90°C. For study of the effects of the
metal ion-EDTA combination, the enzyme was first
incubated for 10 min in the presence of 0.5 mM
metallic reagent alone and subsequently treated with 1
mM EDTA for 10 min at room temperature (30°C). The
residual activity was assayed as described in the text
and is expressed as a percentage of the activity of the
untreated control (taken as 100%). One dextrinizing
unit was equivalent to the amount of enzyme which
hydrolyzed 1 mg of soluble starch in 5 min.

ity curve (pH 3 to 10). In addition, the enzyme
was highly stable up to 80°C, beyond which,
even at 100°C, the substrate (soluble starch)
afforded total protection for at least 4 h. The
enzyme was also highly stable under acidic,
neutral, or alkaline pH conditions and was there-
fore strikingly different from the enzymes from
all other previously reported strains of B. lichen-
iformis (6, 17, 23, 25).

The molecular weight of the a-amylase
(28,000) from B. licheniformis CUMC305 was
higher than that reported for B. licheniformis 584
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a-amylase (22, 500) (23) or B. licheniformis
BLMI777 a-amylase (23,500) (6). Therefore, it is
evident that the molecular weight of the a-
amylase from B. licheniformis strains was much
lower than the average molecular weight
(50,000) of other bacterial a-amylases (15) and
closely resembled the molecular weight (24,000)
of the basic subunit of Bacillus subtilis a-amy-
lase (22). The relative rates of substrate hydroly-
sis indicated that amylose was more easily hy-
drolyzed than was amylopectin or glycogen,
because a-1,4 linkages were attacked more easi-
ly than were a-1,6 linkages. The dextrinizing
power of the enzyme was stimulated by the
presence of the cations Na*, Ca’*, Mg?*,
whereas Zn?*, Ni2*, Fe?*, Co?*, Cd?*, AP™,
Mn’**, and the heavy metals Ag*, Cu®**, and
Hg?* were inhibitory, as has been reported for
other a-amylases (12, 29). The enzyme retained
full activity after continuous dialysis against
distilled water, and the addition of calcium or
other divalent cations had no remarkable effect
on enzyme activity or stability, unlike traits
reported for other a-amylase enzymes (27). On
the contrary, excess calcium (10 mM) was unfa-
vorable for a-amylase activity. a-Amylase activ-
ity was inhibited by the sulphydryl reacting
reagent p-chloromercuribenzoic acid, whereas

TABLE 3. Effect of inorganic and organic anions on
the dextrinizing activity of B. licheniformis
CUMC305 a-amylase®

Activity (%) at
indicated test reagent

Treatment concn (mM)?

10 100
NaOH 110 95
NaHCO, 102 )|
NaCl 102 93
NaNO, 110 83
NaNO, 105 88
NaN, 110 110
NaF 105 110
N32C03 102 83
N82803 115 115
N82804 117 110
Na,S,0; - SH,0 110 117
Potassium ferricyanide 105 57
Sodium iodoacetate 103 20
Sodium glycero- 107 115

phosphate

Sodium tungstate 121 121

2 A mixture of 0.1 ml of enzyme solution, 0.1 ml of
reagent, 0.3 ml of 0.05 M glycine-sodium hydroxide
(pH 9.0), and 0.5 ml of soluble starch (1% [wt/vol]) was
assayed for 5 min at 90°C. The activity is expressed as
a percentage of the activity of the untreated control,
which is assumed as 100%.

b At a test reagent concentration of 0 mM (control),
the a-amylase activity was 100% for all treatments.
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thiol compounds afforded protection. This sug-
gests that the -SH group of the enzyme protein is
responsible for normal catalytic activities. En-
zyme activity was unaffected by low concentra-
tions of EDTA (1 mM) at 30°C, as reported for
B. licheniformis 584 (23), Bacillus spp. strain
NRRL-B (3), and B. subtilis var. amylosacchari-
ticus (28); however, the presence of EDTA at
90°C was detrimental to a-amylase activity. The
resultant denaturation due to the combined ef-
fect of EDTA and heat was comparable to
earlier observations with a-amylase from other
sources (9, 21). However, for B. licheniformis
CUMC305 a-amylase, the cations Cu’* and
Fe?*, if added subsequently, could partially
revive enzyme activity. It was interesting that B.
licheniformis CUMC305 a-amylase was differ-
entially influenced by the addition of various
monovalent, divalent, or trivalent anions. The
dextrinizing activity of the enzyme was en-
hanced by the anions in this order: SO2~ >
OH™ > NO,” > F~ > NO;™ > ferricyanide >
molybdate > acetate > CI~ > CO5%2~ > HCO;~
> jodoacetate at 10 mM concentrations. High
concentrations (100 mM) were injurious in cer-
tain cases. The trivalent anion PO,>~ was bene-
ficiary at 100 mM, whereas azide, SO;%~,
S,052", glycerophosphate, and tungstate were
equally suitable at 10 or 100 mM concentrations.
Arsenite and citrate had no effect upon a-amy-
lase activity of B. licheniformis CUMC305.
Therefore, the thermostable a-amylase released
by B. licheniformis CUMC305 studied from sev-
eral perspectives and reported here is character-
istically different from the a-amylase enzyme of
the other B. licheniformis strains or microbial a-
amylases reported earlier.

ACKNOWLEDGMENT

We acknowledge the financial assistance given by the
University Grants Commission, New Delhi, India, during the
course of this research program.

LITERATURE CITED

1. Bernfeld, P. 1955. Amylases a/f. Methods Enzymol.
1:149-158.

2. Borgia, P. T., and L. L. Campbell. 1979. a-Amylase from
five strains of Bacillus amyloliquefaciens: evidence for
identical primary structures. J. Bacteriol. 134:389-393.

3. Boyer, E. W., and M. B. Ingle. 1972. Extracellular alka-
line amylase from a Bacillus species. J. Bacteriol.
110:992-1000.

4. Buonocore, V., C. Caporale, M. De Rosa, and A. Gambo-
corta. 1976. Stable, inducible thermoacidophilic a-amy-
lase from Bacillus acidocaldarius. J. Bacteriol. 128:515-
521.

5. Chandra, A. K., S. Medda, and A. K. Bhadra. 1980.
Production of extracellular thermostable a-amylase by
Bacillus licheniformis. J. Ferment. Technol. 5§8:1-10.

6. Chiang, J. P., J. E. Alter, and M. Sternberg-Elkhart.
1979. Purification and characterization of a thermostable
a-amylase from Bacillus licheniformis. Die Starke 31:86—
92.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22

23.

24.

25.

26.

27.

28.

AppPL. ENVIRON. MICROBIOL.

. Davis, B. J. 1964. Disc electrophoresis. II. Method and

application to human serum proteins. Ann. N.Y. Acad.
Sci. 121:404-427.

. DePinto, J. A., and L. L. Campbell. 1968. Purification and

properties of the amylase of Bacillus macerans. Biochem-
istry 7:114-120.

. Fischer, E. H., and E. A. Stein. 1960. a-Amylase, p. 313-

343. In The enzymes, 2nd ed. Academic Press, Inc., New
York.

Fogarty, W. M., P. J. Griffin, and A. M. Joyce. 1974.
Enzymes of Bacillus species. Part 1. Process Biochem.
9:11-24.

Fogarty, W. M., and C. T. Kelly. 1980. Amylases, amy-
loglucosidases and related substances, p. 115-170. In
A. H. Rose (ed.), Economic microbiology, vol. 5, Micro-
bial enzymes and bioconversions. Academic Press, Inc.,
New York.

Greenwood, C. T., and E. A. Milne. 1968. Studies on
starch degrading enzymes. VIII. A comparison of a-
amylases from different sources; their properties and
action patterns. Die Starke 20:139-150.

Horikoshi, K. 1971. Production of alkaline enzymes by
alkalophilic microorganisms. Agric. Biol. Chem. 35:1783-
1791.

Krishnan, T., and A. K. Chandra. 1982. Effect of oilseed
cakes on a-amylase production by Bacillus licheniformis
CUMC305. Appl. Environ. Microbiol. 44:270-274.
Littlejohn, J. H. 1973. Amylases of microbial origin, p.
651-658. In A. 1. Laskin and H. A. Lechevalier (ed.),
Handbook of microbiology, vol. 3. CRC Press, Inc.,
Cleveland.

Lowry, D. H., N. J. Rosebrough, A. L. Farr, and R. J.
Randall. 1951. Protein measurement with the Folin phenol
reagent. J. Biol. Chem. 193:265-275.

Madsen, G. B., B. E. Norman, and S. Slott. 1973. A new
heat stable bacterial amylase and its use in high tempera-
ture starch liquefaction. Die Starke 25:304-308.

Medda, S., and A. K. Chandra. 1980. New strains of
Bacillus licheniformis and Bacillus coagulans producing
thermostable a-amylase active at alkaline pH. J. Appl.
Bacteriol. 48:47-58.

Morgan, F. J., and F. G. Priest. 1981. Characterization of
a thermostable a-amylase from Bacillus licheniformis
NCIB6346. J. Appl. Bacteriol. 50:107-114.

Ogasahara, K., A. A. Imanishi, and T. Isemura. 1970.
Studies on thermophilic a-amylase from Bacillus stearoth-
ermophilus. 1. Some general and physicochemical proper-
ties of thermophilic a-amylase. J. Biochem. (Tokyo)
67:65-75.

Pfueller, S. L., and W. H. Elliott. 1969. The extracellular
a-amylase of Bacillus stearothermophilus. J. Biol. Chem.
244:48-54.

Robyt, J. F., and R. J. Ackerman. 1973. Structure and
function of amylases. II. Multiple forms of Bacillus subtil-
is a-amylase. Arch. Biochem. Biophys. 155:445-451.
Saito, N. 1973. A thermophilic extracellular a-amylase
from Bacillus licheniformis Arch. Biochem. Biophys.
155:290-298.

Samejima, H. 1974. Enzymes in Japan, p. 364-367. In
E. K. Pye and L. B. Wingard, Jr. (ed.), Enzyme engineer-
ing, vol. 2. Plenum Publishing Corp., New York.

Slott, S., G. Madsen, and B. E. Norman. 1974. Application
of a heat stable bacterial amylase in the starch industry, p.
343-350. In E. K. Pye and L. B. Wingard, Jr. (ed.),
Enzyme engineering, vol. 2. Plenum Publishing Corp.,
New York.

Smith, B. W., and T. H. Roe. 1949. A photometric method
for the determination of a-amylase in blood and urine with
the use of the starch iodine colour. J. Biol. Chem. 179:53—
59.

Toda, H., and K. Narita. 1967. Replacement of the essen-
tial calcium in Taka amylase A with other divalent cat-
ions. J. Biochem. (Tokyo) 62:767-768.

Toda, H., and K. Narita. 1968. Correlation of the sulphy-



VoL. 46, 1983

dryl group with the essential calcium in Bacillus subtilis
saccharifying a-amylase. J. Biochem. (Tokyo) 63:302-
307.

. Urata, G. 1957. The influence of inorganic ions on the
30.

activity of amylases. J. Biochem. (Tokyo) 44:359-374.

Weber, K., and M. Osborn. 1975. Proteins and sodium
dodecyl sulphate: molecular weight determination on
polyacrylamide gels and related procedures, p. 179-233.

a-AMYLASE FROM BACILLUS LICHENIFORMIS CUMC305

31.

32

437

In H. Neurath, R. L. Hill, and C. Boeder (ed.), The
proteins, vol. 1, Academic Press, Inc., New York.
Welker, N. E., and L. L. Campbell. 1967. Unrelatedness
of Bacillus amyloliquefaciens and Bacillus subtilis. J.
Bacteriol. 94:1124-1130.

Welker, N. E., and L. L. Campbell. 1967. Comparisons of
the a-amylase of Bacillus subtilis and Bacillus amylolique-
faciens. J. Bacteriol. 94:1131-1135.



